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$L^{2}(R^{d})$ Schr\"odinger $H=-\triangle+V(x)$ $L^{2}$ : $f(H)_{\backslash }$





$V(x)=V_{+}(x)+V_{-}(x),$ $V\pm\geq 0$ $V_{+}\in K_{d}^{loc}$ $V_{-}\in K_{d}$
$K_{d}$ Kateclass : $V\in K_{d}$
$d\geq 3$ , $\lim_{rarrow 0}\sup\int_{|x-y|\leq r}x\in R^{d}\frac{|l^{V}(y)|}{|x-y|^{d-2}}dy=0$ ;
$d=2\cdot$ , $\lim_{rarrow 0}\sup_{x\in R^{d}}\int_{|x-y|\leq\tau}\log\{|x-y|^{-1}\}|V(y)|dy=0$ ;
$d=1$ ) $\sup_{x\in R^{d}}\int_{|x-y|\leq 1}|V(y)|dy<$ \infty .








$f\in S(\beta)$ $f\in C^{\infty}(R)$ $f(\lambda)$ $\lambdaarrow\infty$
$\lambda^{-1}$ : $N>0$





$|( \frac{d}{d\lambda})^{k}r_{N}(\lambda)|\leq C_{Nk}(1+|\lambda|)^{-N-1}$ , $\lambda\geq 1,$ $k=0,1,2,$ $\ldots$ .
$S( \infty)=\bigcap_{ni=0}^{\infty}S(m)$
$f(H)$ $L^{p}$-
1 $f\in S(0)$ $f(H)$ $1\leq p\leq\infty$ $L^{p}(R^{d})$
$f(H)=(H+M)^{-s},$ $s>0,$ $M$
(Simon [S] ) Schr\"odinger : $e^{-tH}$ , $t>0$ ,
$L^{p}$- Laplace
Simon [$S$ : Theorem B.2.1] [S]
Section B.2 open question
2 $1\leq p\leq q\leq\infty$ $\beta>\frac{d}{2}(\frac{1}{p}-\frac{1}{q}I$ $f\in S(\beta)$ $f(H)$
$L^{p}(R^{d})$ $L^{q}(R^{d})$
$L^{p}(R^{d})$ $e^{-itH}$ free $H=H_{0}=-\triangle$
$e^{-:tH}$ $L^{p}(R^{d})(p\neq 2)$ (
[BTW] ) $\lambdaarrow\infty$ $f(\lambda)$
$e^{-itH}f(H)$ $L^{p}$-
$31\leq p\leq\infty$ $f\in S(\infty)$ $e^{-itH}f(H)$ $t\in R$ $L^{p}(R^{d})$
$\beta>d|\frac{1}{p}$ – $\frac{1}{2}|$
$\Vert e^{-itH}f(H)\Vert_{B(L^{p}(R^{d}))}\leq C(1+|t|)^{\beta}$ , $t\in R$ .
$t$ $V=0$
([BTW] ): $0\leq c\leq C$




4 $d\leq 3$ $1\leq p\leq\infty$ $\beta>2+d/4$ $f\in S(\beta)$
$\Vert e^{-itH}f(H)\Vert_{B(L^{p}(R^{d}))}\leq C(1+|t|)^{d|\frac{1}{p}-\frac{\iota}{2}|},$ . $t\in R$ .
$d\geq\cdot 4$ $V$







$l^{1}(L^{2})= \{\varphi\in L_{l\circ c}^{2}(R^{d})|||\varphi||_{l^{1}(L^{2})}\equiv\sum_{n\in Z^{d}}||\varphi||_{L^{2}(C(n))}<\infty\}$ .
$C(n)$ $n\in Z^{d}$ :
$C(n)= \{x\in R^{d}|\max_{\dot{\iota}=1,\ldots,d}|x_{i}-n;|\leq\frac{1}{2}\}$ .
$l^{1}(L^{2})$ $L^{1}$ $L^{2}$
$H$ $H$ resolvent $L^{1}(R^{d})$
$l^{1}(L^{2})$
5 $\beta>d/4$ $M$ $(H+M)^{-\beta}$ $L^{1}(R^{d})$ $l^{1}(L^{2})$
$l^{p}(L^{q})$ - Young $e^{-tH}$
Laplace








\langle $x$) $=(1+|x|)^{2}$ $||\cdot||$ $L^{2}(R^{d})$ o









$\sup_{n\in Z^{d}}||[\cdot-n, [\cdot-n, f(H)]]||$
$<$ $\infty$ ,
$\beta$
$\Vert(\cdot-n\rangle^{\beta}f(H)\langle\cdot-n)^{-\beta}\Vert<C<\infty$ , $n\in Z^{d}$
6 $f(H)$ commutator esti-
mates $f(H)$ $H$ resolvent $f$
Fourier $L^{2_{-}}$
( [JN1] )
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